Flow cytophotometry and time-lapse cinematography were used to study viral DNA synthesis and alteration of the cellular DNA content of human cells infected by adenovirus type 2 wild-type and two DNA-negative temperature-sensitive mutants. Cell populations with DNA contents greater than 4n (where n represents the normal haploid DNA content of cells) were found after infection and their origin is discussed with regard to cell cycle changes, viral DNA replication and cell fusion or endomitosis.
they were fixed in 70 ° ethanol at 4 °C and treated with ribonuclease A type I-A (Sigma) (1 mg/l PBS) for 30 min at 37 °C. Cellular DNA was complexed with ethidium bromide (EB) (Sigma) at 5 mg/l in Tris buffer. The cell samples were analysed by a Biophysics 4800 A cytofluorograph connected to a 100-channel distribution analyser (model 2100), which directly traced out the histogram of the DNA distribution. CMF yields a distribution pattern that provides the DNA content of individual cells in populations containing an average of 100000. For each sample of cells, we compared these patterns at various times after infection or mock-infection.
CMF analysis of infected cells showed dramatic alterations in the distribution of DNA compared to mock-infected cells, regardless of temperature. Typical diagrams obtained at 24 h at 39 °C or 66 h (the difference between these times is equivalent to the delay in cell growth) at 33 °C are shown in Fig. 1 and 2 . Similar patterns were obtained at various other times (i.e. 18 h and 40 h at 39 °C and after equivalent delays at the permissive temperature, not shown). Fig. 1 shows results for ts mutants after 24 h at the non-permissive temperature. Infected cells with a DNA content exceeding 4n were observed, particularly following H2 ts 114 infection (Fig. 1 d) . There was an increase of cells having an S phase DNA content after wt infection, whereas infection by either of the ts mutants resulted in an increase of cells with S and G2 + M DNA content. This phenomenon was more pronounced at 18 h following H2 wt infection (not shown). When the infection was allowed to proceed at the permissive temperature (33 °C, 66 h; Fig. 2 ), similar changes were observed. Once again, they were more pronounced at an earlier stage in H2 wt-infected cells (i.e. 44 h). This high proportion of cells with DNA content greater than 4n might be due either to an accumulation of viral DNA and/or to cell fusion. To check this last hypothesis and to assess the relative contributions of cellular and viral DNA to the patterns observed, TLC analysis of H2-, H2 ts-or mock-infected HeLa cells was performed at permissive and non-permissive temperatures. This technique also allowed us to define the proportion of the treated cells able to divide when infected.
For TLC examination, infections or mock-infections were done 48 h after cell plating (1.5 x 105 HeLa cells per 30 ml tissue culture flask) using 0.5 ml of serum-free medium as described above. The cells were photographed using a 16 mm camera linked to an inverted microscope in a dark room. For each frame, the culture was illuminated for 0.5 s by green monochromatic light at 4 min (39 °C) or 10 min (33 °C) intervals. The calculation of cell cycle parameters and division probability has been described in detail previously (Collyn-d'Hooghe et al., 1977) .
The combination of these two techniques allowed us to conclude the following. First, there was no change at non-permissive temperature in the division probability (DP: the probability that a cell divides). In control cells, in a 10~ serum-containing medium, the DP was 100%; in mock-infected cells, in 2~o serum, the DP was 97~. Similarly, a shift-down of temperature to 33 °C had no significant effect on cellular behaviour: 91-4~ of the ceils were able to divide following mock-infection and only 7"6~o fused after the second generation. All the data presented are the average of at least 100 cells observed in four different experiments.
In all cases, most infected cells were able to divide once. When fusion occurred, it always involved sisters and was soon after the mitosis that generated them.
Infection with H2 wt at either temperature led to an accumulation of cells in S phase at 39 °C, and in S and G2 + M phases at 33 °C. In these cases, cells with a DNA content over 4n were also observed. As we observed no cell fusion, the cells with a DNA content exceeding 4n were likely to be due to accumulation of viral DNA; Pifia & Green (1969) found that at 36 h after infection, cellular DNA synthesis contributed only 3 % of total DNA synthesis in H2 wt-infected KB cells. Similarly, Hodge & Scharff (1969) reported that H2 wt inhibits cellular DNA synthesis under permissive conditions. The occurrence of aneuploidy or polyploidy cannot be excluded, although no cell fusion was observed. In addition, chromosomal alterations like those observed in H12 wt-infected HEK cells by McDougall et al. (1974) or in H2 wt-infected rodent cells by Murray et al. (1982a) might also have occurred.
Following H2 ts 111 infection, the same accumulation of cells in S and G2 + M phases was observed at the permissive temperature, when viral DNA is synthesized; many cells with DNA content greater than 4n were seen. This pattern would correspond essentially to viral DNA, as TLC studies did not reveal much cell fusion (11-6% in infected cells compared to 3-3% in mockinfected cells).
After infection by the H2 ts 114 mutant, an accumulation of S and G2 + M phase cells and numerous cells with a DNA content over 4n were seen at each temperature. At the nonpermissive temperature, no viral DNA synthesis took place and 39.1% of the cells were fused. Thus, cells having a DNA content over 4n were likely to be fused cells. At the permissive temperature, 23.3 % of the cells were fused and the cells with a DNA content over 4n were cells with accumulated viral DNA and fused cells. A contribution of endomitosis to this population is also possible.
The H2 ts 111 mutant belongs to a separate complementation group; it is a double mutant whose mutations map in regions E2A and E 1B of the viral genome (D'Halluin et al., 1984) . This mutant affected ceils similarly to wt except that a greater number of ceils had a DNA content above 4n. The ability of H2 ts 111 to induce this alteration is reminiscent of the effect of H5 ts 125 on rat cells (Murray et al., 1982b) . The mutation in H2 ts 125 maps in the E2A region, but a peak of 8n-containing cells was not seen in our experiments. On the other hand, H2 ts 114 virus, which is in the same complementation group as the H5 ts 36 (i.e. E2B; Martin et al., 1978) , seemed to have a great ability to induce cell fusion particularly at 39 °C. Perhaps the altered DNA polymerase (Stillman et al., 1982) that is encoded by the virus had an effect on the cellular DNA such that abnormal division was followed by fusion of sister cells and/or endomitosis. Another explanation for this difference is that because the H2 ts 114 mutant only slightly inhibits cellular DNA synthesis (Martin et al., 1978) , the remaining activity might be abnormal and lead to the fusion observed. Neither of the two mutants used by us have a mutation in the E1A region and neither affected the cell cycle. This is in agreement with the results of Braithwaite et al. (1983) who found that the only region involved in alteration of the cell cycle following H5 infection is the EIA region.
A study using synchronized cells, and parallel examinations of the expression of the early viral genes and accumulation of viral DNA would help to investigate further the effects of viral infection on the permissive cell cycle.
